Industrial Big Data: Technology and Application
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Application Areas of Industrial Big Data
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Industrial Big Data Landscape
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Characteristics of Industrial Big Data
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Z1&=(Multimodal) , @2 (High throughput) , i&XE%(Strong Correlation)
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Life Cycle of Time Series Data
NIRRT e

e =% 1517 o

4G
NB-loT
ETL
Manage Store all the data Read data and N
Visualize data
equipment itself Provide query analyze data

SETIRAL
HEEMSSE FhadiiE iREhpRNER VSR SthEdE



Time Series Data in Industrial Applications
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Huge amount of Time Series data
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+ Lots of devices IFZHIIEH
« Many sensors on a device —MEFHIBSMERES
+ Generate data in a high frequency S3iE==4pEHE

+ For monitoring, forewarning, and improvement 73

TEX , ME , AREEMN

About 120~510 variables/sensors per wind turbine X£4
120~510F% £/ {ER3EENKIiREHN

Frequency ranging from 0.00167 Hz to 50Hz $fiE=BEIM
0.00167##%&%I505#%%

More than 20,000 wind turbines #8i320000/NX.13i®4EH1

Requirements

=K

+ High speed of ingestion and query/aggregation iz

BY. inlE, BSRISE

 Low cost for storage (historical data) [HSREHREHIERL
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- Integration of query and analytics iFIAfISITHIES
« Lightweight 2{58

More than 10,000 vehicles #8i310000i%&

Each vehicle has more than 200 sensors (5000+

meters) SMEFEBIT200/MEREE ( 50002 /MYE )
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An Ideal Time Series DB Should Be...

Persist data
Efficiently
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Mutiple service forms
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Endpoint £

local controller 55458

data center EdE(

Flexible deploy RiEZRE
Out-Of-the-Box HilFFEE: B4t
Support read/write in real time 3C
B SZHRAER/ RS

Friendly for analytics {E8F 45

High speed of ingestionf=iz&isEEY
Millions points/sec/nodeE xR
/B[R

high compression KfEEE4E
1.37bits/point [1]1.374/FRm
Lossy and lossless compression
BIREEMIREYS
Millions of time series
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Query data
with low latency
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Fast Filter datatRiETEEGE

Hundreds of millisecond on TB
dataXdTBEUE/ LB =T

Aggregation®E&

Tens of millisecond on billions of
pointsxdSLEZ MR AET5 NS

Extensive operations
of time series [2]
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Segmentation 2|

Representation £

Subsequence matching F/551It
iy

time-frequency transform B4
i

Visualization BI{l{t

[1]T. Pelkonen et al, “Gorilla: A fast, scalable, in-memory time series database,” VLDB, 2015, pp. 1816-1827.
[2] Fu, Tak Chung. "A review on time series data mining." Engineering Applications of Artificial Intelligence 24.1(2011):164-181.

Integration with

existing ecosystem
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[oTDB — our solution
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- Mange several time series, support + Manage multiple time series, support « Manage millions of time series and TBs
high compression ratio, simple CRUD and advanced query, e.g,, of data, support distributed analysis
write/query. aggregation and subsequency framework.

. SEZAERES , SSRGS matching. - EELEAMEFFIFIEIENTB | 33
= /351 - EIBFSAHEARS] , SCRUDAIERAI | DI HTHELR

ESTNFFHIE
- A “zipfile” of time series + A “database” of time series + A “data warehouse” of time series
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Architecture — IoTDB

14Z8-10TDB

TsFile-CLI

Interactive client command line

~ l IoTDB-CLI Grafana-Adaptor
N |:>: Interactive client command Web dashboard to visualize Batch | I/dE 1d-OOI d
P : line time series data atch load and export data
De‘"ceﬁg | /
. : I TDB_ — Outlier
DevOpsizE ! o > IoTDB —p| detection
! JDBC Hadoop/
% —y Spark
| l <—| Machine
M =! ] < = Big data =——>| learning
R : TsFile TsFileSync Framework
! Time series optimized =—>| Synchronize data from local >
|:>- file format to the data center (HDFS or : UDF
- : + remote IoTDB instance)
ApplicationsiIF3 ! [ cluster

Other Databases
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Characteristics of Industrial Big Data Analytics
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Industrial Big Data
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Physical objects
S

Domain knowledge & physical model
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Internet of things
Internet of services
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Casual model
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Internet centric
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Perception of human being
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Internet of people
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Statistical correlation
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Methodology of Industrial Big Data Application Development
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Wind Turbine Belt Breakage

RLEZ i fre

GW150013 GW150019 GW 150023
o © o
. W e, ATV T
= S { A AT s /'i ;o ,-l ' P
R Rwerey | et :-*”V“”W'whk** :_ﬁQLWWKLJM_WWJ
O‘ a T T T T T T T o a T T T T T T T o- a T T T T T T T
600 -500 -400 -300 -200 -100 O  -600 -500 -400 -300 -200 -100 O  -600 -500 -400 -300 -200 -100 O
GW 150026 GW 150029 GW150029 2

© | o | o |

(=} 1 (=} M (=}
4 _ \ i

< < P " U ) < i

S | I S n LT s o A Y
. LL .(‘mmw RN 0 S (AT ddl il ——

o \ o o

o - T T T T T T o - T T T T T T O _I T T T T T T

-500 -400 -300 -200 -100 0 -600 -500 -400 -300 -200 -100 0 -600 -500 -400 -300 -200 -100 0
GW 150005 GW150012 GW 150033

< | o | «© |

o o o

< | < | < |

S S <)

o 1 o 7 AWW"\/_—J‘W o 7] _IEL “ J i N

CS B T T T T T T T O B T T T T O B T T T T T T T
-29100 -28900 -28700 -28500 -34800 -34600 -34400 -34200 -35000 -34800 -34600 -34400

+ Noise reduction [ZIE
Approach - Decomposition $3f#

+ Segmentation $3E&
+ Feature Extraction $5{EH2EY
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Intelligent fermentation tank in pharmaceutical factory
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Get more information

RNEZ(ER

Binary program

(loTDB, JDBC, Grafana-Adaptor,
Chinese User Manual)

TsFile

loTDB-JDBC

SDK

en.edu.tsinghua: tsfile Visit our website - http://nelbds.org.cn/

cn.edu.tsinghua: iotdb-jdbc IoTDB, IoTDB-Grafana, IoTDB-Spark, IoTDB-MR are not open sourced
temporary...

Apache Incubator



http://www.tsfile.org/index
https://github.com/thulab/tsfile
https://github.com/thulab/iotdb-jdbc
http://search.maven.org/
https://wiki.apache.org/incubator/IoTDBProposal
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